3, 4, and 6 received additional treatments with levamisole at 5 mg/kg intramuscularly, vitamin A at 50,000 IU/animal intramuscularly, or a combination of levamisole and vitamin A at the same doses, respectively. Sheep in group 5 received similar treatment as those in group 4 at 3 weeks PI.
Parameters monitored
The efficacy of treatment was assessed weekly by monitoring parasitemia, packed cell volume (PCV) (13) , hemoglobin (Hb) concentration (14) , body weight, and total red blood cell (RBC) count (15) .
Clinical signs
Rectal temperature and respiratory and pulse rates were monitored daily using a clinical thermometer and stethoscope. Physical examinations were carried out to note the color of mucous membranes, size and consistency of superficial lymph nodes through palpation, and general observations of animals for other clinical signs.
Statistical analysis
The results of this study were analyzed statistically with SPSS using one-way analysis of variance (ANOVA). Variant means were separated using Duncan's multiple range tests. The level of significance was considered to be P < 0.05.
Results

Clinical signs
Intermittent pyrexia was observed in all infected animals from 1 week PI. Other clinical signs observed from the second week of infection included pale mucous membranes, increased respiratory and pulse rates, depression, dullness, edema of the face, enlargement of the prefemoral and prescapular lymph nodes, and nervous signs like muscle spasms, circling, torticollis, and prostration. A mortality rate of 25% was recorded in groups 2 and 3 while in group 5 it was 50%. In group 5 animals, which were treated at 3 weeks PI, complete anorexia, drowsiness, emaciation, and lethargy were also observed. These clinical signs disappeared following treatment.
Parasitemia
An average prepatent period of 5 days was recorded in all infected sheep. Parasitemia progressed steadily until 2 weeks PI when all the infected sheep were treated, except those in group 5, which were treated 3 weeks PI (Table 1) . Trypanosomes were completely cleared from the blood within 1 week of treatment and treated sheep remained aparasitemic throughout the experiment. There was no relapse of infection in all the treatment groups.
Rectal temperature
The mean rectal temperature of infected sheep (groups 2-6) was significantly higher (P < 0.05) than that of uninfected group 1 from week 1 to week 2 PI before the onset of treatment (Table 2) . By week 3, there was no significant Different superscripts a, b, c in a row indicate significant differences between the means of the groups at P < 0.05. *Experimental infection, **early treatment, ***late treatment. difference in rectal temperatures of treated sheep (groups 3, 4, and 6) and that of the uninfected control. Mean rectal temperature of the animals in DA-treated groups was higher than that in the other experimental groups. By weeks 4 and 6, mean rectal temperature was significantly (P < 0.05) higher in groups 5 and 3, respectively, when compared with the other experimental groups. From week 7 to the end of the experiment, there was no significant difference in rectal temperatures of any of the experimental groups.
Body weight
From weeks 7 to 8 mean proportional body weight was significantly (P < 0.05) lower in group 4 than in the other experimental groups (Table 3) , while from weeks 10 to 12, it was significantly (P < 0.05) higher in group 5 than in the other groups.
Respiratory rate
There was a significant (P < 0.05) increase in the mean group respiratory rate of sheep in the infected groups from week 1 to week 2 PI when compared with that of the uninfected control (Table 4) . From week 3 to the end of the study, there was no significant difference in respiratory rates of any of the experimental groups.
Pulse rate
There was a significant increase (P < 0.05) in mean pulse rates of sheep in the infected groups when compared with that of the uninfected group from week 1 to week 3 (Table 5 ). From week 3 to the end of the experiment, there was no significant difference in pulse rates of any of the experimental groups.
Mean group packed cell volumes
Mean group PCV was significantly (P < 0.05) lower in the infected and treated groups from week 1 to the end of the study when compared with the uninfected group (Table 6) . By weeks 4, 6, 7, 8, and 9 the PCV of sheep in group 4 was significantly (P < 0.05) lower than those of the other treated groups. By week 5, PCVs of groups 4 and 5 were significantly (P < 0.05) lower than those of the other treatment groups. By weeks 9, 10, and 11 the PCVs of groups 2 and 4 were significantly (P < 0.05) lower than those of the other treatment groups.
Mean group hemoglobin concentrations
Mean group Hb was significantly (P < 0.05) lower in the infected groups when compared with that of the uninfected control by week 1 ( Table 7) . From week 2 to week 3 PI there was no significant difference in the Hb of the uninfected and treated groups, except groups 4 and 5. By week 4, the Hb concentrations of groups 1, 3, and 6 were significantly (P < 0.05) higher than those of groups 2, 4, and 5. By weeks 5, 6, 7, 10, and 11 the Hb concentrations of sheep in groups 2 and 4 were significantly (P < 0.05) lower than those of the other experimental groups. Different superscripts a, b, c in a row indicate significant differences between the means of the groups at P < 0.05. *Experimental infection, **early treatment, ***late treatment. Different superscripts a, b in a row indicate significant differences between the means of the groups at P < 0.05. *Experimental infection, **early treatment, ***late treatment. 
Mean group RBC counts
Mean group total RBC count was significantly (P < 0.05) lower in the infected groups when compared with the uninfected animals by weeks 2, 4, and 5 of the experiment (Table 8) . By weeks 3, 6, 7, 8, 9, 10 11, and 12, however, there was no significant difference in mean group RBC counts of any of the experimental groups.
Discussion
Experimental infection of WAD sheep with T. brucei was achieved perhaps due to the high number of parasites inoculated (1 × 10 6 ). Trypanotolerance is known to be limited by high challenge rates (16) . In semidomesticated red-fronted gazelles subjected to the stress of captivity and experimental infection with 1.5 × 10 6 T. b. brucei, trypanotolerance was not absolute and severe trypanosomosis similar to that found in domestic animals occurred (17) . When subjected to high doses of infective organisms, trypanotolerant animals succumb to infection and show clinical disease (16) . Their resistance is particularly effective in the face of mild pathogenic species of trypanosomes or may be developed against particular prevalent strains/species of trypanosomes in a locality, in which case infection with new strains/species will not confer immunity (16) .
The prepatent period observed here agrees with the report of Mohammed et al. (18) 
in T. congolense-infected
sheep. Differences in prepatent periods may be attributed to the number of parasites inoculated, the pathogenicity of the parasite, and the immune status of the host (19) . No differences in time of parasite clearance were observed among the treatment groups.
Pyrexia is a cardinal clinical sign in trypanosomosis (3, 20) . Pyrexia was intermittent and lasted between weeks 1 and 3 PI. Fever is due to the stimulation of the thermoregulatory center of the hypothalamus by pyrogens released during trypanosome infection. Treatment reversed pyrexia in treated animals and hence the return to normal temperature values occurred from week 5 of the experiment.
There was no significant (P > 0.05) change in mean group proportional body weight gains of all the experimental animals from weeks 1 to 10 PI. This result agrees with the findings of Akpa et al. (21), who reported no loss of weight in bovine trypanosomosis, but it differs from those of some researchers who reported cases of weight loss in trypanosomosis (22) . Significant (P < 0.05) increase in proportional body weight gain was recorded from week 11 to the end of the study in group 5 (DA + vitamin A 3 weeks PI) when compared with all the other experimental groups. Studies in cattle have shown that weight changes in trypanosomosis are markedly influenced by levels of protein and energy intake (23) . Low levels of both nutrients can exacerbate the adverse effects of trypanosomosis on body weight (24) . Levamisole has been reported to improve weight gain when administered at repeated doses of 2.5 mg/kg (10), but in this work it was only administered once. Respiratory and pulse rates were also significantly (P < 0.5) increased in infected animals when compared with the uninfected from 1 to 3 weeks of the experiment. This is at variance with the work of Chukwudi et al. (25) , who reported no significant changes in pulse rates of WAD sheep infected with T. congolense, but in agreement with Lazim et al. (26) , who recorded similar observations of increased pulse and respiration rates during an experimental infection of goats with T. vivax. Hyperpnea and tachycardia are associated with cardiac insufficiency resulting from anemia, which is a cardinal feature of trypanosomosis.
Significant reductions in total RBC counts, PCV, and Hb observed after infection are indicative of anemia and are in agreement with earlier reports that trypanosomosis causes anemia (1, 27) . Some factors reported to be responsible for these reductions include erythrocyte injury caused by the lashing action of trypanosome flagella, undulating pyrexia, platelet aggregation, toxins and metabolites from trypanosomes, lipid peroxidation, and malnutrition (28) . The severity of anemia depends on the level and duration of parasitemia in trypanosome-infected animals. Reductions in total RBC counts, PCV, and Hb were, however, reversed by treatment. Sheep treated with DA, levamisole, and vitamin A combinations had higher values than those treated with DA alone. Those treated with DA and levamisole also had higher blood indices than those treated with DA and vitamin A. This finding agrees with the report of Adieme et al. (29) in rats infected with T. brucei treated with levamisole and/or vitamin C combination with DA.
Clinical signs of pale mucous membranes, anorexia, facial edema, and enlargement of prefemoral and prescapular lymph nodes observed are characteristic of trypanosomosis in animals (22, 25) . Muscular spasms, circling, and torticollis observed in some sheep before treatment agrees with the findings of Desquesnes et al. (30) , who reported nervous signs in T. evansi infections of sheep and goats. Clinical signs were more severe with mortality of up to 50% in the group that was treated 3 weeks PI. Late treatment of trypanosomosis is disadvantageous to livestock because parasites may invade various tissues and organs, including the brain, where they become sequestered and often inaccessible to drugs (21) , causing relapse of infection after treatment. All clinical signs observed were reversed following treatment.
Early treatment of trypanosomosis in WAD sheep using combinations of DA, levamisole, and/or vitamin A significantly (P < 0.05) increased the PCV and Hb values of treated animals when compared with those of the other experimental groups.
